REMARKS 

By this amendment, claims 1-6 have been cancelled, and claims 7-22 have been added. 
Thus, claims 7-22 are now active in the application. Reexamination and reconsideration of the 
application are respectfully requested. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements in order to aid the Examiner in further consideration of 
the application. The amendments to the specification and abstract are incorporated in the attached 
substitute specification and abstract. No new matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
Abstract by the current amendment. The attachment is captioned " Version with markings to 
show changes made ." 

In items 1 and 2 on page 2 of the Office Action, claims 1-6 were rejected under 35 U.S.C. 
1 12, second paragraph, as being indefinite. This rejection is believed moot in view of the 
cancellation of claims 1-6. Furthermore, new claims 7-22 have been carefully drafted to avoid 
the problems noted by the Examiner and to otherwise clearly comport with the requirements of 
35 U.S.C. 1 12, second paragraph. 

In items 3 and 4 on pages 2-5 of the Office Action, claims 1-6 were rejected under 35 
U.S.C. 103(a) as being unpatentable over Matsumoto et al. (U.S. 2003/0200831) in view of 
Yamanashi (U.S. 5,561,273) and further in view of Tanaka et al. (JP 59-71492). This rejection is 
believed moot in view of the cancellation of claims 1-6. Furthermore, this rejection is believed 
clearly inapplicable to the new claims 7-22 for the following reasons. 

With exemplary reference to the present drawing figures, new independent claim 7 sets 
forth an industrial robot comprising: a robot arm (1 or 3) having a cable-passing hole 4a, 4b 
formed therein between an exterior and an interior thereof, the cable-passing hole 4a, 4b having 
a inner periphery (see Fig. 3); a cable bundle 6 routed between the exterior and the interior of the 
robot arm 1, 3 through the cable-passing hole 4a, 4b; and a cylindrical mold guide 7 having an 
inner peripheral wall and an outer peripheral wall (see Fig. 3), the inner peripheral wall defining 
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an opening therethrough; wherein the cylindrical mold guide 7 is fitted in the cable-passing hole 
4a, 4b such that the outer peripheral wall of the cylindrical mold guide 7 faces the inner periphery 
of the cable-passing hole 4a, 4b (see Fig. 3); wherein a sealant 9 is interposed in a gap between 
the outer peripheral wall of the cylindrical mold guide 7 and the inner periphery of the cable- 
passing hole 4a, 4b, the sealant 9 sealing the gap between the outer peripheral wall of the 
cylindrical mold guide 7 and the inner periphery of the cable-passing hole 4a, 4b; wherein the 
cable bundle 6 extends through the opening defined by the inner peripheral wall of the cylindrical 
mold guide 7; and wherein filler resin 8 fills a space between the cable bundle 6 and the inner 
peripheral wall of the cylindrical mold guide 7. 

In contrast to the present invention of claim 7, the Matsumoto et al. patent discloses a 
robot wrist element 102 having a cable-passing hole 103, with cables 10 routed through the 
cable-passing hole 103, but clearly does not disclose or suggest an arrangement of a cylindrical 
mold guide, a cable bundle and filler resin, as required by claim 7. The cables 10 shown in Fig. 4 
of Matsumoto et al. are secured together by fixing portions 104 and 1 05 which would appear to 
be similar to "clampers" 9, 16 shown in Fig. 2 of Matsuomoto et al. The "clampers" (and thus 
the fixing portions 104, 105), although not explicitly described in the Matsumoto et al. patent, 
appear to be simple cable-bunching devices, such as cable ties, especially from viewing Fig. 3 of 
Matsumoto et al. 

The Examiner cited the Yamanashi patent for teaching "a cable holding device 
comprising: a cylindrical mold guide (1, Fig. 1) for the purpose of creating a water type seal 
(abs)." The Yamanashi patent, however, is directed to an "electrical cable holding case that can 
prevent oil from leaking through electrical cables laid out within an oil cover such as a 
transmission." (See column 1, lines 7-9). Reference numeral 2 in Fig. 7 denotes an oil cover, 
and reference numeral 1 denotes a case main body disposed in an opening 5 of the oil cover 2. 
The Examiner also references element 7 of Yamanashi, and likens element 7 to the "sealant" of 
the present invention. However, as discussed in the Matsumoto et al. patent (e.g., in the 
Abstract), the configuration of how the cables can extend out through an opening 103 is designed 
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especially taking into account the effect of relative rotation between the first wrist element 101 
and the second wrist element 102. The Yamanashi electrical cable holding case is, on the other 
hand, directed to a complicated configuration used for preventing oil leakage from a transmission 
through an opening 5 provided for electrical cables 32 and the like. Yamanishi is not concerned 
with relative rotation, and therefore the configuration disclosed therein is not configured to allow 
for such relative rotation. 

As such, it is submitted that a person having ordinary skill in the art would not have 
found it obvious to modify the Matsumoto et al. robot configuration to include any kind of a 
complicated configuration similar to that disclosed in Yamanashi. 

The Examiner further cited the Tanaka publication for teaching "a corrosion-protected 
cable comprising filler resin (see clm l ) applied to the inside of the mold guide (2, Fig. 3) for the 
purpose of providing a corrosion-protected cable." However, similarly to the Yamanishi patent, 
the Tanaka cable configuration is not concerned with relative rotation between elements. 
Furthermore, the filler resin utilized in the Tanaka invention is disposed in a terminal socket 5 
that is not fitted in a cable-passing hole of the wall member 16, but is rather disposed outside of 
such cable-passing hole (see Fig. 3 of Tanaka). 

Therefore, for the above reasons, it is believed apparent that a person having ordinary 
skill in the art would not have found it obvious from reviewing the Yamanashi patent and the 
Tanaka publication to modify the Matsumoto et al. robot configuration in such a manner as to 
result in or otherwise render obvious the present invention of claim 7. Therefore, it is 
respectfully submitted that claim 7, as well as claims 8-22 which depend therefrom, are clearly 
allowable over the prior art of record. 

The Examiner's attention is also directed to the dependent claims 8-22 which set forth 
additional features of the present invention and further define the invention over the prior art. 
For example, claims 8 and 9 are directed to specific characteristics of the sealant 9, claim 10 
specifies that the cable-passing hole 4a, 4b is formed in a vicinity of a joint section of the robot 
arm 1 , and claim 1 1 specifies that the filler resin 8 comprises epoxy resin. Claims 12-14, 16-18 
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and 20-22 specify additional structure of the present invention and, in particular, the presence of 
a cable guide tube 5 surrounding a portion of the cable bundle 6 and being disposed outside the 
robot arm 1,3, that the cable guide 2 comprises a metallic spring and is connected to the mold 
guide 7, and that the metallic spring is a coil spring, as shown in Figs. 2 and 3. Claim 15 
specifies that the opening through the cylindrical mold guide 7 is filled only by the cable bundle 
6 and the filler resin 8, and claim 19 specifies that the cable bundle 6 comprises plural filaments 
(see Fig. 2), and that the filler resin 8 fills any gaps between the filaments and between the 
filaments and the inner peripheral wall of the cylindrical mold guide 7, as shown in Figs. 2 and 3. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is clearly in condition for allowance. An early notice thereof is earnestly 
solicited. 

If, after reviewing this Amendment, the Examiner feels there are any issues remaining 
which must be resolved before the application can be passed to issue, it is respectfully requested 
that the Examiner contact the undersigned by telephone in order to resolve such issues. 

Respectfully submitted, 

Seiji IWAI et al. 

/Charles R Watts/ 
By: 2009.01.08 14:38:31 -05'00' 

Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 

CRW/asd 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
January 8, 2008 
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DESCRIPTION 

INDUSTRIAL ROBOT 

This application is a U.S. national phase application of PCT 
International Application PCT/JP2005/0 17828, filed September 28, 2005. 

TECHNICAL FIELD 

The present invention relates to an industrial robo t and , particularly, 
relates to a dust- and water-proof structure of cables disposed at a joint section 
of an arm. 

BACKGROUND ART 

As a prior patent, for example, Japanese Patent Unexamined Publication 
No. Hll-254377 discloses a dust- and waterproof structure of a joint section of 
a robotic arm. According to the structure, cables are disposed through a 
through-hole formed in the center of a joint section, and an opening of the arm 
is closed with a cover or a gasket. 

Fig. 4 is a section view illustrating the structure of the robot disclosed in 
the patent above. In robot 11 of Fig. 4, arm 16 is connected to the upper 
section of arm 13 through joint J2. Having reducer 17, joint J2 moves arm 16 
with the drive of motor 18. Wiring (cables) 43 passes through the interior 
(through-hole) of hollow shaft 28 of reducer 17. Oil seal 44 is provided to 
bearing 33 that is disposed on the outermost periphery of reducer 17. 

According to the prior art, forming each joint so as to be the same as the 
structure of joint J2 described above allows robot 11 to have dust- and 
water-proof joint sections. 

In the conventional structure, however, drive motor 18 has to be disposed 
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away from the center of the joint shaft because the through-hole for passing 
through cables 43 is disposed coaxially with the joint shaft. This positional 
constraint inevitably increases the number of power transmission components 
in number , such as pulley 30 and timing belt 31, and bearing parts, resulting in 
an oversize, overweight joint section with a complicated structure. 

When cables 43 cannot pass through the through-hole of reducer 17 due 
to increase in number of cables, it becomes necessary to employ a large-sized 
reducer having a larger through-hole, and accordingly, other components 
including a pulley and a motor have to be larger. This invites increase in size 
and weight of the joint section. In a robot having such an overweight joint 
section, the heavy weight acts as a load on the robot, deteriorating movements 
of the robot. 

SUMMARY OF THE INVENTION 

The industrial robot of the present invention contains a cable-passing 
hole formed in a side of an arm,* and cables disposed inside and outside the arm 
through the hole. The cables further contain a mold guide that is disposed 
inside the cable-passing hole! a bundle of cables run inside the mold guide; and 
filler resin that is applied to the inner side of the mold guide. The inner side of 
the mold guide is filled with the filler resin, by which the cable bundle is fixed. 

Applying dust- and water-proof treatments to only an area having the 
cable-passing hole allows a joint section to not only have a cost-reduced and 
compact structure, but also to be dust- and water- resistant. 

Even when cables or fluid tubes for supplying air and gas are changed in 
quantity or size according to changes in specifications of, for example, a motor 
for driving each joint shaft of the robot, a welding feeding device, and various 
sensors mounted on the robot, the aforementioned structure can cope with the 
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changes easily, with no effect on the power transmission components disposed 
on a joint shaft. 

According to the industrial robot of the present invention, as described 
above, a dust- and water-proof structure of a joint of the arm can be realized by 
using a simple structure. Besides, the structure isjiighly adaptable to changes 
in cables, fluid tubes, or the like, with no need for geometrical changes in power 
transmission components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of the industrial robot of an exemplary 
embodiment of the present invention. 

Fig. 2 is a perspective view of the structure of cables employed for the 
robot shown in Fig. 1. 

Fig. 3 is a section view of the cables in the vicinity of a cable-passing hole 
in the robot of Fig. 1. 

Fig. 4 is a section view of a structure of a conventional robot. 

REFERENCE MARKS IN THE DRAWINGS 

1 first arm 

2 s e con d ar m 

3 third arm 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, an exemplary embodiment of the present invention is 
described with reference to Fig. 1 through Fig. 3. Fig. 1 is a perspective view of 
a robot of the embodiment of the present invention. 

The robot of Fig. 1 has first arm 1, second arm 2, third arm 3, and 
cable-passing holes 4a, 4b each of which is formed in a side adjacent to an arm 
joint section. Cable guide tube 5, which is disposed along the side of second 
arm 2, accommodates cable bundle 6 therein. Cable bundle 6 contains 
electrical cables and gas tubes that are connected to corresponding devices in 
the robot through cable-passing holes 4a and 4b. That is, as shown in Fig. 1, 
cable guide tube 5 is passed through cable -passing holes 4a and 4b and routed 
from first arm 1 through third arm 3. Cable guide tube 5, which is made of, for 
example, a metallic coil spring, protects cable bundle 6. 

Fig. 2 is a perspective view of the structure of the cables in the robot 
shown in Fig. 1. Fig. 3 is a section view of the cables in the vicinity of a 
cable-passing hole. 

Cable 10 shown in Fig. 2 contains mold guide 7 located inside 
cable-passing holes 4a, 4b in Fig. l; cable bundle 6 of a plurality of filaments 
that runs inside mold guide T, and filler resin 8 applied to the inside of mold 
guide 7. Cable guide tube 5 protects cable bundle 6. Cable guide tube 5 is 
connected to mold guide 7. 

Cable bundle 6 is disposed inside cable guide tube 5 and mold guide 7. 
Mold guide 7 is, for example, made of resin. The inside of mold guide 7 is filled 
with filler resin 8 so as to fix cable bundle 6. For example, epoxy resin is 
employed for filler resin 8. 
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Mold guide 7 is, as shown in Fig. 3, disposed at oach inside each of 
cable-passing holes 4a, 4b. Sealant 9 seals a gap between the outside (the 
outer perimeter) of mold guide 7 and the inside (the inner perimeter) of 
cable-passing holes 4a, 4b. As for sealant 9, a solid gasket typified by an 
O-ring is employed. Instead of an Oring, an oil seal, a V-ring, and-or liquid 
surface sealant can be employed. 

In the aforementioned structure, a molded section (specifically, filler 
resin 8 and sealant 9) disposed only at mold guide 7 disposed in cable-passing 
holes 4a, 4b prevents the entry of dirt and water from the outside to the inside 
of the arm. That is, the structure above allows the internal cavities of first 
arm 1 having cable-passing hole 4a and of third arm 3 having cable-passing 
hole 4b to be dust- and water-resistant. 

Suppose that the structure does not contain mold guide 7. With cable 
bundle 6 alone, since the bundle itself cannot retain a definite shape, dust or 
water easily enters through the gap between the bundle and cable-passing holes 
4a, 4b. However, as described above, the structure of the embodiment contains 
mold guide 7 with a tube-like shape for accommodating cable bundle 6 therein, 
and the gap between mold guide 7 and cable bundle 6 is filled with resin, which 
gives mold guide 7 a definite outer shape. By determining the shape of 
cable-passing holes 4a, 4b suitable for the shape of mold guide 7, and then 
disposing the cable bundle so that mold guide 7 is positioned at cable -passing 
holes 4a, 4b, the dust- and waterproof structure is easily obtained. 

Even when cable bundle 6 has changes in numbers or types of the 
filamen t filaments , the dust- and water-proof structure obtained by 
cable-passing holes 4a, 4b and mold guide 7 is insusceptible to the changes, as 
long as the outer shape of cable bundle 6 is smaller than the inner diameter of 
mold guide 7. It is therefore no need for changing unnecessary to change the 
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size of cable-passing holes 4a, 4b, and also , there is no effect on the power 
transmission components disposed on a joint shaft. 

Further, suppose that cable bundle 6 is too large to be passed through 
mold guide 7 because of an increase in numbers the number or sizes of the 
filaments according due to changes in specifications for cable bundle 6. Even 
in such a case, disposing another mold guide suitable for cable bundle 6 and 
forming cable-passing holes 4a, 4b so as to have a shape suitable for the mold 
guide can deal with the changes. Unlike in a conventional robot, in this case, 
too, there is no effect on the power transmission components disposed on a joint 
shaft. In this way, with the structure of the embodiment, dust- and 
water-resistance can be easily obtained. 

The simple procedures described above — forming mold guide 7 having a 
fixed inner cavity and outer shape! passing cable bundle 6 through mold guide 7 
and fixing the bundle by molding; and applying a sealing process on the outside 
of mold guide 7 — allow the cables, which are routed from the outside to the 
inside of the robot, to be dust- and water-resistant. 

The dust- and water-proof structure of a conventional robot, as described 
in the Background Ar t section , invites a large-sized, heavyweight joint section. 
In contrast, the structure of the present inventio n ha s no worry about the 
inconvenioncy does not suffer from such inconvenience , and therefore , there is 
no ill effect on movement performance of a robot. 

Although the embodiment of the present invention employs cable bundle 
6 formed of a plurality of filaments, it is not limited thereto. Cable bundle 6 
does not necessarily contain a fixed number of filamonto: filaments; that is, 
cable bundle has either one or more filaments . 

Although the embodiment shows an example where cable-passing holes 
4a, 4b are formed into a substantially round-shape, it is not limited thereto. 



7 



The holes can be formed into a substantially oval-shape, or a similar shape. 

INDUSTRIAL APPLICABILITY 

The present invention provides a simply configured dust- and water-proof 
structure of a robot arm, which is therefore widely applicable to industrial 
robots. 
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ABSTRACT 

The industrial robot has cables routed, through cable-passing holes (4a, 
4b) formed in a side of an arm, between the outside and the inside of the arm. 
The cables contain a_mold guide (7) disposed inside each of the cable-passing 
holes (4a, 4b); a_cable bundle (6) that passes through the inside of the mold 
guide (7); and filler resin (8) applied to the inside of the mold guide (7). The 
inside of the mold guide (7) is filled with filler resin (8), so that the_cable bundle 
(6) is held in place. 



